Abstract. In this paper, a color chart based on experimental data was defined for thin SiC films grown on Si substrates. For SiC films thinner than 500 nm, the surface color was observed using an optical microscope with the incident light normally illuminated on the SiC surface. An image of the surface was then taken by a camera attached to the optical microscope and the surface color was defined using RGB code. For SiC films thicker than 500 nm, the colors were defined by observing the films under daylight fluorescent lighting by naked eyes. It was found that the colors of the SiC films varied as the thickness increased.
Introduction
The potential of integrating SiC-based electronics with mature Si technology by heteroepitaxial growth of 3C-SiC films on Si substrates has been attracting increasing attention. In addition to that, the 3C-SiC/Si structure acts as an excellent cost-effective template for graphene preparation and GaN growth [1] [2] [3] . Thin SiC films grown on Si substrates are also desirable candidates for the fabrication of pressure sensors [4] . The required SiC layer thickness for these applications ranges from a few nanometers to a few micrometers. 3C-SiC films can be grown on Si substrates by concurrent supply epitaxy performed at around 1300 ºC [5] [6] and alternating supply epitaxy (ASE) conducted at around 1000 ºC [7] [8] [9] [10] . The ASE method has the advantage of reducing wafer bow due to the relatively lower growth temperature [10] . Although the growth rate is lower, the ASE method enables excellent thickness uniformity across large scale wafers (non-uniformity is less than 1%) [7, 10] .
Color charts for thin films have been developed for silicon dioxide (SiO 2 ) and silicon nitride (Si 3 N 4 ) [11] [12] , because they are widely used in the fabrication of integrated electronic and optical devices. The color change is caused by variations in the reflectance [12] , which depends on the wavelength of the incident light, the thickness and the optical properties of the thin film. Theoretical calculations of the colors for SiO 2 and Si 3 N 4 films on Si substrates have also been performed [13] . Recently, the colors of graphene and graphene-oxide prepared on various dielectric layers were investigated by both theoretical calculation and experimental observation [14] . However, to date no theoretical or experimental data available for the colors of SiC films grown on Si substrates. With the increasing research interests in SiC, it is helpful to define a color chart using experimental data for monocrystalline 3C-SiC films grown on Si substrates. This would enable experienced technicians and researchers to estimate the thickness of a SiC film simply by observing its color.
Experimental details
Monocrystalline 3C-SiC films were grown on on-axis 150 mm Si(100) and Si (111) The color of the SiC film was observed under bright field (magnification of 100 times) using an optical microscope (OLYMPUS MX50, the light source color temperature was set at 3200~3400 K) with the incident light normally illuminated on the SiC surface. An image of the surface was then recorded by a camera (Cannon powershot A640, using auto white balance, the expected temperature range is from 3000 to 7000 K) attached to the optical microscope. The colors of these SiC films were defined using standard RGB parameters (they can be displayed on a computer monitor), based on the color definition from online information [15] .
Results and discussion
The thickness of SiC films studied in this paper ranged from 7 nm to 1185 nm, and the corresponding colors are summarized and listed in Table 1 and 2. For SiC films thicker than 500 nm, the optical microscope and/or the camera were insensitive to the color changes, the colors shown in the images taken by the camera were either green-purplish or dim gray, which did not vary correspondingly to the change in SiC thickness. Therefore, for SiC films with thicknesses beyond 500 nm, the color was described by observing these films by naked eyes under daylight fluorescent lighting. It was found that the colors of these films varied with the increase in thickness and the results were shown in Table 1 . Only limited results are given for thicker SiC film because the emphasis of this paper is on SiC films with a thickness less than 500 nm (as shown in table 2 ). An image of the virgin Si substrate taken by the camera is also listed in table 2 for reference.
The experimental results shown in table 2 indicated that the colors of the SiC films grown on Si substrates varied as the thickness increased; however, it is not practical/scientific to define a thickness period for each color to repeat, because it is similar colors that occurred at different thicknesses, but usually not exactly the same colors. The color variation but not repetition with increasing thickness was theoretically demonstrated for silicon dioxide and silicon nitride films [13] . For a given refractive index of 2.65 for stoichiometric SiC materials, this color chart would also apply to poly SiC and amorphous SiC. 
Summary
In this paper, a color chart was defined for monocrystalline SiC thin films grown on Si substrates. The specific color of the SiC film (thinner than 500 nm) was observed under bright field using an optical microscope and defined using the standard RGB code. For SiC films thicker than 500 nm, the colors shown in the images taken by the camera did not vary correspondingly to the change in SiC thickness, therefore, the colors were defined by observing the films by naked eyes Materials Science Forum Vols. 740-742under daylight fluorescent lighting. It was found that the colors of the SiC films varied as the thickness increased. The color chart would enable experienced technicians and researchers to estimate the thickness of a SiC film simply by observing its color.
For a given refractive index of 2.65 for stoichiometric SiC materials, this color chart would also apply to poly SiC and amorphous SiC.
